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SUMMARY

In designing any military system it is import.int to consider large
ranges of criteria and objectives. In practice, however, it is often
difficult to gain acceptance for the system unless a single "design situ-
ation," embodying a particular choice of criteria and objectives, is se-
lected, while the remaining situations are treated as "important but
off-design" cases. It is argued that civil defense planning in the
past has in effect accepted surprise attack out of the blue, with sub-
stantial megatonnage directed at cities, as its "declaratory design case."
Surprise attack out of the blue with the initial salvo directed at stra-
tegic forces has been the "action design case" for important recent
studies. It is suggested that a better "design" situation would be the
tension case which allows extensive emergency readiness procedures (with
either a counterforce or mixed attack). While this choice might lead to
some neglect of the off-design surprise-attack cases, it is argued that
the consequences of such neglect can be guarded against and partially
offset.

If this point of view is adopted, highly effective civil defense
systems could be designed on almost any reasonable budget level (for
example, as low as $1/10 billion a year), so long as the effectiveness
of such programs is evaluated primarily on the basis of performance in
what we consider to be the most likely, or most important case, that is,
one in which extensive movement of the urban population is possible. For
such a case, the design of the system would se. a goal of z c,
even against moderate-sized mixed attacks. However, the plans and prep-
arations would be such so as to make appreciable protection available in
the case of other attacks and 3ff-design situations. Of course the ideal
implementation would not be o0 tained even in the case of the design at-
tack, because of the many uncertainties, imponderables, and inefficien-

-J cies that must be expected to occur. Thus, these systems might be de-
scribed as "low-casualty" in terms of expected results, or as "zero-
casualty" in terms of design criteria. This paper is concerned with the
performance of such low-casualty or zero-casualty designs in terms of the
basic strategic situations mentioned above.

Basic to any design would be plans and preparations (consistent with
the budget) which, if one of the design scenarios occurred and the plans
were implemented in a timely and proper fashion, would offer every civil-
ian almost complete protection against a spectrum of nuclear attacks in
"which both military installations and urban centers were targeted. In
this philosophy the higher budget programs are useful because they (a) re-

4 duce the sensitivity of the design to required warning, (b) extend the
range of possible nuclear attacks against which the system would be ef-
fective, and (c) increase the number of options for handling unantici-
pated needs for protection. At higher budgets the estimated number of
casualties for a design situation and a reasonable implementation would
be considerably smaller and there would be a correspondingly higher con-
fidence in the probability of obtaining an effective implementation across
a wide range of off-design scenarios.

-U
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Thus, this study concludes that while a current federal program pro-

vides higli-qualiiy protection agaiist purely courterforce attacks, an ex- j
tension of this program and its ongoing research effort to CD designs which
exploit warning against urban attacks riow appears to be feasible. Such an
extended program could achieve an astoiishinglv low vulnerability against
the known effects of nuclear attack.

After an initial discussion of the philosophy behind !ow-casualty de-
signs, the subsequent sections of this paper develop the following themes
in greater detail:

I. The range of interesting international crisis contexts and
their iaplications for the design of CD programs.

2. The vulnerability of fallout shelters in urban centers during
future crises when there is believed to be ;nsufficient pro-
tect ion.

3. The possibility of spontaneous movement out of urban centers
during future crises when there is believed to be insufficient
protect ion.

4. The use of a balanced fallout protectik.n concept for decreasing
vulnerability to residual radiation.

5. A "dynamic" civil defense concept based on the idea of planning

to improve protection at every time pe;-iod before, during, and
after an attack.

6. Some ways in which current estimates of the efffectiveness of
civil defense measures can be improved.
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I. THE PHILOSOPHY OF THE "NEW LOOK"

It is not extravagant to say that the general public anticipates
that in the event of a nuclear war in which weapons are used against
our urban centers, the country for all practical purposes would be
doomed. The estimates of the immediate fatalities which are generIlly
offered are something like 100 million or 150 million with little hope
for the survivors. These beliefs are supported by congressional testi-
mony which, as recently as February of this year, asserted that a nu-
clear attack against this country would lead to about 140 million fatali-
ties without a special damage-limiting system. This testimony (by Secre-
tary McNamara) went on to say that if 25 billion were spent on active and
passive defense the number of fatalities could be reduced to about 40
million.

We would like to define highly effective damage-limiting systems as
those which could provide about 10 times the protection indicated by the
previous numbers. That is, in the design case and in an important range
of off-design cases, the expected fatalities would be between 4 and 15
million rather than 40 and 150 million; and only in very few of the off-
design cases might such systems do less well than those assumed in Mr.
McNamara's testimony. This paper will argue that such effectiveness in
damage limitation is feasible because through civil defense planning that
exploits likely warni.ng time there is an approach to the designs of pro-
tective systems which in their effectiveness would appear to be startling
not only to the general public but to many segments of the Pentagon. This
is what is meant by the term, "The New Look," in the title of this paper.

Stated most starkly, the New Look is a "philosophy" of protective
design which asserts that, even at low budgets, the ideal goal of a prop-
erly designed system should be zero casualties; i.e., it is worthwhile to
try to set as a design goal that no civilian be a victim of a nuclear at-
tack, even one in which" hundreds of weapons were directed against the large
U.S. cities. Realistically, of course, it should not be expected that this
goal will be entirely achieved. However, although this ideal goal could
not be obtained in any actual implementation by using the designs, we ex-
pect that civil defense systems can be made "highly effective" in the sense
of the definition given in the preceding paragraph.

Conceptually the approach is not at all difficult. For a given set
of scenarios, which straddle an important range of attacks (if not all of
the important range), we can ask what the vulnerability would be at any lo-
cation in the U.S., and then ask what can be done about substantially re-
ducing the vulnerability of a person residing there. The answers to such
questions determine the bases for attaining highly effective CD postures.
It is obvious that one solution could involve the installation of high-
quality blast shelters in or near all target areas. However, because of
the higher costs required, blast shelter postures are assumed to be beyond
the scope of this work, which is restricted to low-cost systems. Without
blast shelters, attacks against urban centers would result in great numbers
of casualties unless there had been a timely relocation of the vulnerable
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population to shelters beyond the lethal range of megaton weapons. (It
is assumed that active defense cannot provide the reliable protection re-
quired for a highly effective design.) Thus ;t will not be surprising to
find that the programs generally would have options for movement of the
vulnerable population and preparations for acquiring adequate shelter for
them. Both these options may be expected to be feasible to such a degree
that they make possible the design of (ideally) zero-casualty systems;
reasons for this conclusion are considered subsequently.

A highly effective CD program implies that there exists a survival
plan for every civilian which makes it very likely for him to survive un-
der any of the spectrum of nuclear attacks for which the System was de-
signed (and not too unlikely for hirn to survive in off-design cases as well).
From this follows the notion of zero casualties which, as stated above, -lust
be modified for a realistic appraisal of vulnerability.

Since the CD postures we are considering have been designed to elimi-
nate all known vulnerabilities for a set of attacks, it will be argued that
the estimates of casualties for the postures we are considering can be

largely reduced to those which can be attributed to uncertainties, impon-
derables, and inefficiencies, if any (e.g., imprudent behavior, unforeseen
bottlenecks, untimely decisions). In other words, because of ignorance,
human error, and chance factors, some parts of the system must be expected
to fail, thereby resulting in casualties. However, as we will show, the
CD system can antic;pate and prepare options to offset some of these dif-
ficulties. The determination of the quantitative degree to which this
can be done is expected to be a matter for much future research. Some
preliminary estimates of the effectiveness of some of these measures are
made in section VI.

Using the estimated vulnerability of the civilian population as a
measure of civil defense effectiveness, it is clear that even with low-
casualty designs, there must be trade-offs possible between expenditures
for CD and other variables such as:

a. the spectrum of war scenarios as defined by:

1. the durations and varying "credibility" of the preattack
strategic warning period,

2. the over-all size of the attack,

3. the number and type of weapons;

b. the confidence in the performance of the system;

c. effectiveness (the estimated casualties) for any given attack.

Thus, with a greater amount of preparation it is expected that the range
of scenarios which can be handled will be greater, and/or the confidence
in the performance of the system increased, and/or the civilian vulnera-
bility reduced. We will try to shed some light on the quantification of
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these trade-offs oy some discussions throughout this report. The expected
performance of the system will be determined by the likelihood that war
will break out in a "design" mode or "off-design" mode, and if in the de-
sign mode by our ability to estimate these factors.

Anticipating some of the main features of the subsequent analysis,
the "design cases" to be discussed will be constrained by or require:

a. War outbreak scenarios which exclude either surprise attack or
very short warning to an unprepared civilian population.

b. Timely relocations of any vulnerable urban population to
non-target areas.

c. "Balanced Fallout Protection" in non-target areas, obtained
through appropriate use of existing shelter facilities, expe-
dient construction, and improvised protection, where necessary.

d. Willingness of government to mobilize available resources and
labor (approximately 100 million workers) during a preattack
emergency to improve the degree of protection until it is ade-
quate or the crisis ends. (Note: it is unlikely that any state
of protection will be judged adequate while a very tense crisis
continues.)

e. Plans which provide options for handling unusual requirements
for additional protection before, during, or after an attack.

The next six sections of this study will deal with some of the major
elements for the design of low-budget civil defense systems of high effec-
tiveness. They will be concerned with the following themes:

1. For an important set (or even the most important set) of contexts
or situations which could develop into a general nuclear war, there would
be sufficient time provided by strategic warning to complete the planned
emergency improvements to the CD posture.

2. Against city attacks, the probability of survival in urban fall-
out shelters is too low to make the use of such shelters advisable for
the urban population. Not only would such a course be inconsistent with
a low-casualty design, but, it will be argued that because of some secon-
dary vulnerability considerationsothe urban vulnerability is greater than
is often estimated.

3. During a very severe crisis there is a substantial probability
that a spontaneous evacuation would occur in the large urban centers if
a reliable federal plan for urban protection were not in evidence. To
the extent that this would be true, federal CD operations in the emer-
gency would become involved with the various aspects of large-scale popu-
lation movements whether or not they had planned for them.
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4. On a national basis, to achieve a low-casualty system the pos-
turk would be based on a Balanced Fallout Protection concept, one which
atte-ipts to provide in every community the ninimum fallout protection
required for survival. This concept suggests the use of many of the
current NFSS shelters in addition to other resources available in non-
target areas. Such additionai resources might include: (a) structures
whose current PF's do not meet the NFSS standards; (b) basements in resi-
dences; (c) mines, tunnels and caves; (d) ships and boats; (e) prepara-
tions for the construction of expedient or improvised shelters.

5. Plans and preparations are feasible which not only enable a mo-
bilization of civilian resources during a preattack crisis but which also
can cooitinue protective activities; (a) after tactical warning is re-
ceived, (b) after shelter is taken, (c) after emergence From shelter.
That is, a dynamic CD system would prepare a set of options to assist the
struggle for survival during every period in which a threat might exist--
before, during, and after an attack. The preparations appropriate to these
options would, in most cases, be determined by an examination of local re-
sources and requirements.

6. Since the designs anticipate removing people from the vulnerable
target centers they are primarily concerned with accidental or collateral
(i.e., unintentional) casualties.* This reduces the over-all nonmilitary
defense problems to those of: (a) optimizing the CD system to reduce the
colatteral damage, (b) coping with the potential hazard of unexpected sur-
prises and of bizarre scenarios (e.g., surprise attack, malevolent retar-
geting to strike rural areas, pindown attacks to prevent population move-
ment), and (c) the problems of recovery and subsequent economic and social
recuperation.

A few words are in order about the NFSS, the heart of the current
federal CD program. Since this paper addresses itself to CD systems
which assume that very effective protection against mixed attacks is
needed or desired, it assumes a different policy from that which is
needed to justify the NFSS. In our view a sufficient justification for
the NFSS is that it provides very substantial protection against those
nuclear wars in which cities are not attacked. In addition, government
studies estimate that it can save tens of millions of lives when cities
are attacked (Ref. 19). Counterforce operations which do not subsequently
escalate into attacks against population centers are thought to constitute
a substantial portion of the future strategic war possibilities. Thus the
criticism which is frequently directed against this program, that it does
not sufficiently protect the urban population if an enemy attacks our cities,
is not germane to the argument. For this kind of protection an expansion of
the current program into one of greater capability is needed, and indeed,
is the subject matter of this paper.

*"f course, we must also take into account the possibility that the

Soviets or Chinese would deliberately target the "evacuees." It is diffi-
cult, however, to find plausible purposes of an enemy that would be better
serveJ by striking at evacuees than at empty cities or force targets.
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As an aside it may be mentioned that experihnces gained through war
gaming generally suggest that large-scale nucleai attacks against cities
are not a rational option at any early stage of a general nur.lear war,.
although the possibility cannot be precluded chat unforeseen developments
would cause rational control to be lost during the course of the war or
the Soviets might find themselves somehow "locked ;I" to their declara-"
tory policy. (See Ref. 8, pages 180, 217-220. Also see Ref. 17 for some
discussion of the development of attacks in war games.) For those sce-
narios in which control is not lost, the probability of the large urban
attack would appear to be greatly diminished and, correspondingly, th'e
utility of the NFSS posture is very high.

The argument that the curreit program, an inexpensive standby system,
does not offer good protection against city-busting nuclear attacks seems
analogous to the argument that seat belts on airplanes are undesirable be-
cause they are not effective against mid-air collisions. It seems more
reasonable to enumerate the plausible contexts in which the NFSS has good
utility. In this way we can compare iLS cost-effe'tiveness with other
alternatives to determine its utility. If we should then wish to add a
measure of good protection against the threats of deliberate or accidental
city attacks we might wish to extend or modify the system. In this event,
the current program should provide a springboard from which to develop
the new program more effectively.

"*We use the word "rational" here to mean that a decision-maker would
not choose a course of action which calculations led him to believe would
lose more than one third of his population.
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II. CRISIS CONTEXTS"

Strateg;c studies hitherto have almost uniformly considered contexts
in which little or no short-term improvement is anticipated in the CD
posture or the recuperation capability. Yet, realist~cally speaking, the
relatively sudden war or "strike out of the blue" is generally believed
by analysts to be a far less likely eventuality than war emerging from an
extended preliminary crisis. If, in the past, studies could plausibly
emphasize surprise attack because tney postulated a more or less uniform
state of tension existing between the U.S. and the U.S.S.R. and relatively
vulnerable strategic forces which tempted surprise attack, they do not
accord well with current conditions of detente and relatively invulner-
able strategic forces.

Thus. the most interesting and most likely situatigns.• and th Qjje
which could be most affected by advance Dreparations are the ones most
neglected in Dlanning0  If one agrees that general war is very likely tg
arise from a period of international tension followed by intense crises
(but not necessarily following the most intense crisis), it should be ob-
served that there might be enormous differences between CD systems which
anticipate these conditions and those which do not. Nevertheless, such
a criterion fo- evaluating and discriminating among alternative CD sys-
tems or postures is almost never used in current studies.

Whether one argues for increased readiness CD programs on purely
prudential ground or out of more general strategic considerations, it
does not const;tute a decisive objection to mention the risk: (1) that
we may not experienci the prewar tensions sufficient to complete the
preparations impli jy the programs, or (2) that an attack might occur
before they coul' .. substantially actuated. As in deterrence strategies,
the justificatio.. for a CC, program includes a hope that it will not have
to be used, a reluctance t- . y upon the hope, and calculations of its
expected utility in various attacks.

In effect, emergency readiness may bear a similar relation to the
distinction between detente and cold war crises that the normal posture
bears to the distinction between peace and war. The purpose of the
suggested programs is both Eo help deter crises and tension situations
and to alleviate the conseaue•ces if this deterrence fails.

Proper designs need not upset the current atmosphere of detente; on
the contrary, they could reassure those in the NATO alliance who fear the
detente (because it could lead to an erosion of Western capability) with-
out disturbing the present Soviet incentives to develop it. Furthermore,
such programs carefully and professionally carried through--with attention

*This section is largely a condensation of a portion of Ref. 1, revised

somewhat for the special purpose of this paper.

"--The wnrd "intense" is used here to describe a crisis intense enough to
dispel nuclear incredulity. Operationally we could define it as a crisis in-
tense enough so that 20% of New York's population left the city because of
fear of nuclear bombing (assuming the president does not discourage the move-
ment). By this definition, we have never had an "intense" crisis.
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to e fects on U.S. citizens, allies and opponents--could substantially
incr,.ase the capability of a U.S. president to act calmly and effectively
duri,,g a crisis without simultaneously motivating the Soviets to pre-empt.
Examples of how escalation might be affected by emergency readiness prep-
arations, however, cannot be ignored. In any tense situation an act show-
ing firmness or resolve may cause the opponent to attempt to pacify (e.g.,
Soviet response in Cuba) or escalate (e.g., U.S. response in the Gulf of
Tonkin). These judgments would need to be made in the crisis. (For more
discussion, see Ref. 8.)

To illustrate the argument, we define in Table I five conceptual
levels of crisis CD tactics appropriate at various levels of interna-
tional tension.

TABLE I

Some CD Alterr.atives for Crises*

Programs Estimated Time Aygilable

A. Increased Readiness Action** (0 - 6 months)
1) Desperate (I hr. - 7 days)
2) Crash (2 days - 2 weeks)
3) Emergency (0 week - 6 months)

B. Mobilization Action (3 months - 2 years)
1) Wartime (3 months - ]'year)
2) Peacetime (6 months - 2 years)

Both of the above classes of program should be compared with normal
programs (3-7 years) and moderately accelerated programs (1-4 years). The
principal distinction between the two classes of program listed above,
increased readiness actions and mobilization actions, is the estimate
made of the imminence of a possible nucleer attack.

Increased Readiness Programs would differ from Mobilization Programs
in tending to disregard postemergency values, emphasizing short-term capa-
bility at the cost of normal procedures, and risking waste and inefficiency.
A Mobilization Program is more sensitive to questions of cost and efficiency
and the needs of competing programs, especially military ones. The Mobili-
zation Program prepares for prolonged tension, siege, or low-level war. It
is prudential in the sense that it tries to prepare for the future, possi-
bly even at the risk of some short-run increase in danger, by adopting pro-
tective measures appropriate to the degree of international tension.

'An earlier but similar version of Table I will be found in Ref. 2,
Chapter IV.

**Two years ago a Hudson Institute study estimated that with appro-

priate plans, proper motivation, and good leadership, American resources
are sufficient that in two days' time it should be possible "to develop
more civil defense capability during this time than has been obtained dur-
ing the fifteen years following World War II." (See Ref. 2, Chapter IV,
p. 7.) That estimate does not seem to need revision because of the civil
defense capability that has been added in the last two years.
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Of the three Increased Readiness Programs, the "Desperate" program
may respond to a state of national anxiety equivalent to that which might
be found on a battlefield. Either bombs have already exploded in the U.S.
or are expected in a matter of hours. The program is termed "Desperate"
in the belief that U.S. decision-makers would be willing to accept large
risks in human lives and pay little or no attention to immediate material
costs in order to achieve the highest degree of protection possible for
the threatened citizens. Thus, in this kind of crisis, authorities (if
an urban relocation plan were being implemented) would overcrowd railroad
boxcars to transport urban citizens to safer areas, even to the point of
risking some deaths. Large amounts of property could be destroyed to pro-
vide protective construction. Doors, fences, garages, barns, and interior
walls would be torn down readily for building material. The government
might attempt to evacuate perhaps 90-95% of the population of potential
target areas.

The "Crash" program differs fromn the "Desperate" program in being less
associated with terror, although sacrifices in procedure and cost are
again accepted. But actions which would involve unusual human risks or
extremely high economic costs would be avoided where possible. Urban re-
location, if part of the plan, would be less hurried; most industries
would shut down properly; and consideration would be given to the prob-
lems of assisting postattack recovery efforts.

Finally, the "Emergency" program assumes that sufficient time is
available to create a large degree of short-run protection without un-
usual destruction of property or risk to life or health.

It may even be important to consider the possibility of mobilization
taking place after a formal declaration of war. This possibility has not
been seriously studied in the nuclear age, with its emphasis on sudden
and decisive strikes. But it is worth recalling that World War II began
with a "Phony War," which gave the French and the United Kingdcxn eight
months of intense mobilization before their forces were seriously engaged.
Even the surprise Japanese attack on Pearl Harbor was preceded by two
years of tension and partial U.S. mobilization. Similar symbolic or in-
conclusive confrontations are far from impossible in future conflicts--
in an era of mutual invulnerability they are relatively likely, at least
as compared to sudden strikes. In such a situation, particularly if it
involved a formal declaration of war, we might be willing, as in World
War II, to devote up to half our GNP (about $300 billion/year) to civilian
and military defense purposes. Thus, if advance preparations had been
made, one could easily imagine putting tens of billions into a nonmilitary
defense program in less than a year.-

*Such a program would tap the readily deployable U.S. construction
and other industries and agriculture. If extensive (and modestly expen-
sive) preliminary preparations had beer. made, this nonmilitary defense
p'rogram could be phased so as not to compete excessively with the mfli-
tary mobilization, much of which is necessarily slower.
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If we believe that crisis scenarios represent an appropriate crite-
rion for the design of a CD program, then it follows that the PF's (ra-
diazion protection factors) of the existing fallout shelters might be
much improved during the period of great tension preceding any nuclear
attack, because during the preattack crisis, when sufficient motivation
presumably exists, the labor of something like 100 million people would
be available to be applied towards increasing protection. To the extent
that time is available and such labor is competently directed, a corres-
ponding improvement in civil protection is possible. Thus, where people
had not previously learned what needed to be done, a plan to educate and,
perhaps, direct their activities during and subsequent to the crisis,
could result in many lives saved, should a general war follow.

The relevance of the crisis contexts are crucial to this paper. Some
of their implications for defense have been developed and applied pre-
viously (see Refs. 2 and 4) and now lead us to other applications dis-
cussed in Sections IV through VII. For example, Section VI discusses a
concept that might be termed a dynamic approach to emergency civil de-
fense planning. In it, the mobilization of the population for improve-
ment of CD posture is visualized to begin during a tense period and to
develop, as the threat materializes into war, through several "fallback
positions," down to the last possible line of defense. (See Section VI,
page 21.)
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III. URBAN VULNERABILITY

Calculations of urban vulnerability to nuclear attack are usually
made on the basis of primary nuclear effects, that is, blast damage,
thermal shock, and radiation dose (both prompt and residual). In most
moderate or large nuclear attacks these calculations alone give rise to
estimates of at least tens of millions of casualties among the urban
population, except for those CD programs which either provide very good
blast shelters or move the vulnerable population out of target areas
(e.g., see Ref. 4). Perhaps it belabors the vulnerability question un-
necessarily to argue that urban survivors of the primary nuclear effects
would also need to survive some secondary ones which may be created by
combining more than one of the primary effects. However, since these
secondary effects would cause some extra difficulties in an urban cen-
ter struck by one or more groundburst nuclear weapons, we believe a
short discussion may provide a useful perspective. Table II lists some
of the important secondary effects which will be discussed below.

TABLE II

"Secondary" Sources of Urban Vulnerability

1. Fallout protection affected by:
window breakage
structural damage
fire damage

2. Long-term rescue affected by:
intense radiation fields
decontamination difficulties
egress from rubble covered shelters
transportation problems (littered streets, destroyed bridges)
communication difficulties

3. Health problems among "trapped" survivors
sanitation
diseases
food and water shortages
medicare
emotional stress

4. "Unexpected" Problems
flooding of basements
damage to ventilation systems

The first point in the table suggests that the PF's (protection
factors) assigned to structures in peacetime may need to be degraded in
wartime because of the possibility of blast or fire damage to the struc-
tures used as fallout shelters. Some fallout could enter a building
since all the windows must be assumed to be shattered, thereby degrading
the effective protection. Whether the degradation would be large depends
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upon n.any variables such as the prevailing wind speed, the amount of win-
do% space, the original PF rating, and the location of the shelter in
stiLcture. One experiment using volcanic dust and based upon 5 mph wind
speeds suggested that the entering fallout would only provide about 1/200
of the external intensity (Ref. 18)." A much more pessimistic calculation,
which arbitrarily assumed that because of window breakage each of the three
floors of the Hudson Institute (a narrow 3-story building with large win-

dows) was covered by 10 per cent of the external fallout density, reduced
the PF in the basement from 100 to 30.

These two examples suggest a large range of uncertainty in the PF
degradation due to window breakage. Larger buildings should be less
affected than smaller ones. Shelters in basements should be less af-
fected than those in upper stories. Better methods of estimating the
hazard are still needed. However, the trend to an increasing perceie,.
age of the usable NFSS shelter spaces occurring in basements alleviates
this problem somewhat.

Similarly, other structural damage from the blast wave would affect
the ingress of fallout. If curtain walls are blown in,the PF degradation
could be increased, in addition to other hazards created by the blast.
sweeping through the building. Recent blast damage calculations (Ref. 19 )
have taken 10 psi for the mean lethal overpressure. As a result of building

damage and de.gradation of the PF's, one should add to the blast fatalities an
increment of fallout fatalities In the zone of building damage (from about 3
to 20 psi) which would otherwise not exist.

Third, and possibly more important than structural damage by blast,
is the threat of urban fires. If the protective facility caught on fire,
a shelter area without special fire :,rotection is likely to become un-
usable because of the heat or iioxiout, fumes. This seems to be a substan-
tial danger for many or most curr~wn. shlter facilities identified through
the NFSS. This danger does not nr-od to assume that the cities would be
destroyed by firestorms. Indiv*,•ual fires are often sufficient to make a
building unusable as a fallout shelter. Papers which discuss the fire-
fighting potential during the first 20-30 minutes after the blast tend
to overlook the fact that the target area probably would be enveloped by
a dense cloud of dust whose presence, together with the threat of immi-
nent fallout and subsequent detonations, is apt to discourage firefight-
ing. The great hazard from fire arises from the expectation that the
affected people in burning buildings would probably be driven out into
the debris-littered streets to try to find or improvise shelter just
about the time when the intense early radiation arrives (assuming ground-
burst weapons)--an exceedingly gloomy prospect. A recent OCD study es-
timated that about 25 per cent of the urban survivors of the prompt
effects of a large nuclear weapon might be vulnerable to these con-
sequences of fire (Ref.19 ). Admittedly, the estimates of fire vul-
nerability are fraught with uncertainty since both fire ignition and

*The results of this experim-nt are open to some argument because
of a special geometry of the physical arrangemcents (an overhatnging ledge)

which would tend to hamper the ingress of falling particles.
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spread are dependent on many parameters. Perhaps the 25 per cent estimate
should range from 10 to 50 per cent.

The second major item of Table II suggests that if immediate survival
must be fol'owed by rescue within several days or weeks, the blast damage
combined with relatively intense local radioactivity can make this an un-
usually difficult problem. It is not obvious that adequate help would
come in time from outside the damaged urban centers. This would depend
upon the details of the aftermath of the attack and could be quite sensi-
tive to tie existence of contingency plans and preparations.

The third category, which lists some possible health problems among
the urban survivors, might not be a pressing matter in nontarget areas,
but in combination with the general damage and (assumed) difficulties of
external communicat'in and assistance these could be severe. The emo-
tional stress under the combined set of shocks suggested in Table II could
well pose the greatest single hazard among survivors. The quantification k
of these hazards is a matter for future research, if indeed the problem
is tractable.

The last category attempts to imagine the unexpected. Certainly
there are likely to be some unexpected hazards. Because of building
damage, rain or snow or water from damaged pipes may result in flooding
of the basement areas.. Basement shelters dependent upon vents or stair- I
wells for ventilation might find these crushed or blocked by debris.

Other possibilities -.F this kind will probably develop as the postattack
environment is examir:ed more intensively.

For the reasons listed above it may be pessimistic but should not
be unreasonable to assiume that for a medium-sized urban area (up to
200 sq. mi.) attacked by a groundburst weapon in the megaton range,
the survival prospects without a blast shelter are so poor that they
may be negligible (< 10%) as a first approximation. If the attack de-
livers more than one weapon to an area, survival becomes even more
difficult. In large cities the prospects would seem to be even worse
than in medium-sized ones, since, in the absence of good active defense,
they are more likely to be struck by several weapons.

Our later attempt to describe fallout shelter improvements possible
during or after a crisis which developed into a nuclear attack does not
apply to target areas which would require shelters capable of surviving
the blast, fire, and other close-in nuctear effects, in addition to
heavy fallout. While adequate suburban blast shelters can be designed
and built, given enough time and fund&, t'y req~dre plans, skills, and
materials which are not expected to be available in the required quan-
tities even in a few months (unless, of course, extensive preparations
had been made in anticipation of such a situation--a context which is
possible and perhaps advisable, but not considered in the present analysis).

i


